Low-level lifetime exposure to cadmium decreases skeletal mineralization and enhances bone loss in aged rats.
The effects of low-level lifetime exposure to cadmium (Cd) on the skeleton mineral status and the risk of bone loss in the elderly were studied in an experimental model of human environmental exposure in non-Cd-polluted areas. Young female Wistar rats were exposed to 1 mg Cd/l in drinking water for 24 months. Bone mineral content (BMC), density (BMD) and area of the lumbar spine (L1-L5) and femur, and total skeleton BMD (T-BMD) were measured densitometrically at the baseline and after 6, 12, 18, and 24 months. Prevalence of osteopenia and osteoporosis was evaluated based on the BMD T score and Z score. Osteocalcin (OC) in the serum and total alkaline phosphatase (total ALP) in the serum, cortical and trabecular bone samples as bone formation markers, and C-terminal cross-linking telopeptide of type I collagen (CTX) in the serum and urine as bone resorption markers were measured. Calcium (Ca) and Cd concentrations in the serum/blood and urine were determined as well. In the Cd-exposed females, the L1-L5 and femur BMC and BMD at all the studied time points were lower compared to control. The exposure to Cd resulted in lower accumulation of peak bone mass, accelerated osteopenia, and enhanced the prevalence of osteoporosis in aged rats. The effect of Cd was more pronounced at the L1-L5 than at the femur. CTX concentration in the urine was decreased after 6 months and next increased compared to control, whereas the urinary loss of Ca was enhanced during the exposure to Cd. After 24 months of the treatment, the serum total ALP activity and the activity of this enzyme in cortical and trabecular bone decreased and serum CTX concentration increased, whereas the concentrations of OC and Ca were unchanged. The study clearly revealed that low-level lifetime exposure to Cd diminishes the accumulation of bone mass during skeletal growth and influences bone metabolism at maturity causing osteopenia, and enhances the age-related bone loss due to high turnover rate leading in consequence to osteoporosis in aged rats. The results together with our previous findings confirm the hypothesis that environmental exposure to Cd may be a risk factor for skeletal diseases.